Anthropogenic emissions in China have been controlled for years to improve ambient air quality. 32
7
The goal of this work is to evaluate the change in SA of PM 2.5 
Model description and configuration 149
CAMx is an offline 3-D CTM (ENVIRON, 2013) . CAMx v.6.0 is used in this work. In 150 gases are calculated following Seinfeld and Pandis (1998) . A detailed description of CAMx can be 161 found in the CAMx 6.0 User's guide (ENVIRON, 2013) . 162 8 As a species tagging method, PSAT labels emission categories and source regions for 163 particles of interest designed by the user. It then tracks these source species in model integration. 164
After each chemical or physical process (e.g., chemical reaction, deposition, and transport), these 165 species are updated by apportioning the change of corresponding species in the host model 166 (CAMx) to each source. As a result, source information of each selected species on each grid at 167 each time step are delivered and evolved, during which the simulation of the host model is 168
unaffected. 169
The horizontal resolution is 36-km. The model domain stretches from 68-152°E and 10-54°N, 170
covering the whole mainland of China, and the vertical resolution is 23 layers from the surface up 171 to 100 hPa with 10 layers below 3-km. (Zhang et al., 2015) . 188
Simulation design 189
The selected six emission categories include five anthropogenic sectors of the MEIC; 190 industry, power plant, residential, transportation, and agriculture, and natural sources. Natural 191 sources include outdoor biomass burning, biogenic emissions, and mineral dust. To investigate the 192 role of regional transport, the entire domain is separated into 11 source regions (Fig. 1) July, and October) to examine the seasonality of model predictions and the resulting SA. 214
Model evaluation 215
Several observational datasets are used to evaluate meteorological and chemical prediction in 216 this study. Datasets and protocol used in this evaluation are described in supporting materials. 217
Temperature and relative humidity are generally well reproduced, except that July temperature is 218 underpredicted for both years, which may be affected by predictions of cloud fraction. The wind 219 speed is slightly overpredicted, and, for each season, the U and V components of the wind speed 220 from the prevailing wind direction perform much better than those from the opposite directions. 221
Precipitation is generally underpredicted with Normalized Mean Bias (NMB) from -7.8% to -43.5% 222 and Normalized Mean Error (NME) from 97.4% to 114.1%. Detail performance of meteorological 223 prediction is discussed in supporting materials. 224 Table 2 shows the performance of simulated PM 2.5 for both years. Monthly mean surface 225 concentrations of PM 2.5 in 2006 are comparable to observations, with NMB from −13.5% to 20.1% 226 and NME from 40.0% to 51.1%. However, the surface concentrations of most PM 2.5 components 227
are not reproduced as well as total PM 2.5 , except for SO 4 2-and NO 3 - (Table S3 ). The overall good contributions of natural sources show some seasonality. Outdoor biomass burning and mineral 272 dust tend to peak in summer and spring, respectively. This tendency is clearer in the SA of PM 10 273 (Fig. S1) 
Regional SA 276
The above ranking of SA categories provides quantitative information on the sources of total 277 PM 2.5 . However, further understanding of PM 2.5 control, especially at sub regional scale, requires 278 knowledge of PM 2.5 source locations. Shandong Province whose influence covers the entire BTH region, because of the large amount of 296 emissions (e.g., industry) in Shandong and the highly efficient transport of PM 2.5 by coastal winds. 297
For natural sources, outdoor biomass burning-induced PM 2.5 are mainly produced locally, whereas 298 fine dust particles originate from the Inner Mongolia and other arid areas. 299
Comparison with previous results 300
As shown in Table 3 , despite some differences for several sectors, the categorical SA from 301 this work is generally comparable with other work. include all inorganic mass, whereas this is positive in this work, giving greater SIA contribution 323 but smaller contribution of the mixed category. Meanwhile, owing to a lack of fugitive dust, the 324 simulated soil dust contribution (1%-2%) by this work is much smaller. 325
Our regional SA results agree well with conclusions from previous studies summarized in 326   Table S5 . The predicted city contribution of Shijiazhuang is larger than those of Xingtai and 327
Handan in January 2013, likely due to a higher emission rate and a larger area of Shijiazhuang. to 31% in 2013), consistent with the absolute contribution from each anthropogenic source (Fig.  381 6f) . In Hebei, the simulated annual PM 2.5 increases from 107.2 to 118.4 µg m -3 . The power plant 382 contribution decreases from 13% to 8% while the contributions from industry (40% to 44%) and 383 residential (23% to 29%) increase. 384
The right panels in Figure 6 show the PM 2.5 contributions by sector. As discussed above, the 385 that there is no evidence for the increase of residential emissions in Hebei, especially POC. This 395 turns out to be an impact of meteorology, which will be discussed subsequently. 396
To further investigate the changes in major contributors for each receptor, all category and 397 regional contributors for year 2013 are combined into 7 local categories and 10 regions (a total of 398 17 source groups). The top 10 of the 17 are displayed in Fig. 7 (left) with their changes due to 399 meteorology and emissions (Fig. 7 right) . These top contributors together explain around 90% of 400 total PM 2.5 concentrations for all receptors. Local industry and local residential are always the top 401 two contributors, followed by regional inflow from surrounding area. Changes of these 402 contributors together explain around 90% of total changes of PM 2.5 concentration between 2006 403 
